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r^, 1 Abstract 

! We show that in supersymmetric models with gauged B — L symmetry, there is a new 

£>• ' source for cosmological lepton asymmetry. The Higgs bosons responsible for B — L gauge 

symmetry breaking decay dominantly into right-handed sneutrinos N and N* producing an 
. asymmetry in N over N*. This can be fully converted into ordinary lepton asymmetry in 

the decays of N. In simple models with gauged B — L symmetry we show that resonant /soft 
leptogenesis is naturally realized. Supersymmetry guarantees quasi-degenerate scalar states, 
while soft breaking of SUSY provides the needed CP violation. Acceptable values of baryon 
q | asymmetry are obtained without causing serious problems with gravitino abundance. 
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1 Introduction 



Baryon number minus lepton number (B — L) is a non-anomalous symmetry in the standard model. 
There is a perception that all non-anomalous symmetries may have a gauge origin. B — L may then 
be a true gauge symmetry broken spontaneously at a high energy scale. Such a scenario fits well 
with the small neutrino masses observed in experiments. This is because gauging of B — L requires 
the introduction of right-handed neutrinos iVj, one per family, for canceling the triangle anomaly 
associated with [U(1)b-l] 3 - These Ni fields facilitate the seesaw mechanism [1] to generate small 
neutrino masses. In this context one is able to relate the mass of the heavy right-handed neutrino 
to the scale of B — L symmetry breaking. With just the standard model gauge symmetry the 
right-handed neutrinos are not compelling, and even if they are introduced, their bare Majorana 
masses are not protected and can take values as large as the Planck mass. 

In the supersymmetric context there is yet another motivation for gauging B — L. It would 
lead to a natural understanding of i?-parity [2,3]. This can be seen by writing the i?-parity 
transformation as R = (— l) 3 ( B ~ L )+ 25 ; which clearly shows the close relation between R parity and 
B — L. If the B — L gauge symmetry is broken by Higgs fields carrying even number of B — L 
charge, then a discrete Z 2 symmetry will remain unbroken, which would serve as i?-parity. Such 
Higgs fields are just the ones needed for generating large Majorana neutrino masses for the right- 
handed neutrinos, which requires B — L breaking by two units. i?-parity is usually assumed in 
MSSM as an ad hoc symmetry, in order to avoid rapid proton decay and to identify the lightest 
SUSY particle as the cosmological dark matter. These are natural consequences of gauged B — L 
symmetry. This symmetry also fits inside of SO (10) grand unification, which is very well motivated 
because of the unification of quarks and leptons of a family into a single multiplet. It is well known 
that with or without supersymmetry, existence of right-handed neutrinos can explain the observed 
excess of baryons over antibaryons in the universe via leptogenesis [4]. The N field decays into 
leptons, generating an asymmetry in lepton number, which is converted to baryon asymmetry by 
electroweak sphalerons [5]. (For reviews on leptogenesis see [6,7].) 

In this paper we investigate baryogenesis via leptogenesis in supersymmetric models with gauged 
B — L symmetry. We have identified a new source for leptogenesis in this context. The Higgs fields 
that spontaneously break B — L symmetry produce an excess of N over N* in their decays, where 
N stands for the scalar partner of the right-handed neutrino N. This asymmetry in N is converted 
into ordinary lepton asymmetry when the N decays into leptons and Higgs bosons. The electroweak 
sphalerons convert this lepton asymmetry into baryon asymmetry. 

In this scenario, one realizes resonant [8-10] and soft leptogenesis [11,12]. Resonant leptogenesis 
assumes nearly degenerate states (fermions or scalars) that decay into leptons producing an asym- 
metry which is resonantly enhanced. Usually the needed degeneracy is achieved by postulating 
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additional symmetries. In our context, supersymmetry guarantees near degeneracy of the Higgs 
states. This comes about since in the SUSY limit, the Higgs scalars responsible for B — L symmetry 
breaking form partners of a Dirac fermion, leading to two complex (or four real) degenerate scalar 
states. Once SUSY breaking is turned on, this degeneracy is lifted, but by terms that are sup- 
pressed by a factor M susy /MA, where Ma denotes the mass of the decaying heavy Higgs particle. In 
the simplest model with gauged B — L symmetry, CP violation needed for leptogenesis is provided 
by soft SUSY breaking effects. Thus the model realizes soft leptogenesis. We compute the baryon 
asymmetry generated through this N asymmetry in a simple model with gauged B — L symmetry. 
As in soft leptogeneis, we find that for a range of soft SUSY breaking parameters, reasonable values 
of baryon asymmetry can be generated. This mechanism works well when the mass of the decay- 
ing Higgs filed is less than about 10 8 GeV. The Davidson-Ibarra bound [13], which requires the 
decaying right-handed neutrino to be heavier than 10 9 GeV in conventional leptogeneis, is evaded 
in our framework because the source of CP violation resides in SUSY breaking couplings. Such a 
bound causes a problem with gravitino abundance [14,15], which requires the reheat temperature 
after inflation to be Tr < 10 7 GeV. Our scenario does not have the gravitino problem, since the 
mass of the heavy Higgs particle is < 10 s GeV. Some of the soft SUSY parameters have to take 
unusually small values, a situation common with soft leptogenesis, although the parameters that 
are small in our models are different ones, associated with B — L symmetry breaking. 

We present the minimal gauged SUSY model in Sec. 2, work out the spectrum of the model 
after SUSY breaking in Sec. 3, and compute the cosmological lepton asymmetry in Sec. 4. 

2 Minimal Supersymmetric Gauged B — L Model 

The minimal supersymmetric model with gauged B — L symmetry extends the gauge group of 
MSSM to SU(3) C x SU{2) L x U{l) Y X U(1) B -l- The triangle anomaly associated with [U(1) B -l] 3 
is canceled by contributions from right-handed neutrinos iVj, which must exist, one per family. 
Since the JVj fields should be much heavier than the weak scale in order for the seesaw mechanism 
for small neutrino masses to be effective, we assume that B — L symmetry is broken in the SUSY 
limit. The simplest set of scalar superfields that would achieve this - if one insists, as we do, on 
renormalizable coulings - is {A, A, S}, where the first two fields carry B — L charges of ±2, while 
S is neutral. All three fields are neutral under SU(3)c X SU{2) L x U(1)y- The B — L charge of the 
A field is chosen so that it has direct Yukawa couplings with the N fields, which would provide large 
Majorana masses for them upon spontaneous symmetry breaking. This choice also guarantees that 
-R-parity of MSSM will remain unbroken even after spontaneous symmetry breaking, since (A) ^ 
leaves an unbroken Z 2 symmetry, which functions as i?-parity. Our normalization of B — L charge 
is as follows. (N, e c ) have charge +1, L has charge — 1, Q has charge 1/3 while (w c , d c ) fields carry 
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charge —1/3. No other fields beyond MSSM fields are introduced. 

The superpotential of the model consistent with the extended gauge symmetry is given by 



W {B ~ L) 



w 



w USSM + , 

\S(AA - M 2 ) + IfijNiNjA + Y™L a NiH u . 



(1) 



Here H^mssm is the MSSM superpotential. L a denotes the left-handed lepton doublets, H u is the 
up-type Higgs doublet, and i, a are family indices. Note that all i?-parity violating couplings are 
forbidden in the superpotential by the B — L symmetry. The Majorana masses for the right-handed 
neutrinos arise only after spontaneous breaking of B — L symmetry after (A) 7^ develops, via 
the couplings /y. The Dirac Yukawa couplings Y v will then generate small neutrino masses via the 
seesaw mechanism. Bare mass terms for S as well as for AA and an S 3 term have not been written 
in Eq. (1). This is for simplicity and their omission can be justified by invoking an R symmetry. 

We minimize the potential, which contains F-terms resulting from Eq. (1) and a D-term 
corresponding to the B — L symmetry, in the SUSY limit. Demanding the vanishing of F-terms, 
F$ = -Fa = F A = 0, yields (S) = and (AA) = M 2 . The vanishing of the D-term implies 
|A| = |A|. Without loss of generality we choose (A) = \M\. Consequently we have (A) = \M\e % ^M 2 , 
with the definition (p M 2 = arg(M 2 ). The spectrum of the model in the SUSY limit consists of a 
massive vector multiplet Vb and a pair of degenerate chiral multiplets (A , S) with masses given 



Here gs denotes the B — L gauge coupling. In this limit, the B — L gaugino pairs up with a Higgsino 
(denoted A') which is a linear combination of A and A fields. The orthogonal combination A pairs 
up with the S'-Higgsino to forma a Dirac fermion. Small SUSY breaking effects, to be discussed 
shortly, will split the masses of the two Weyl components in each of these Dirac fermions. The 
(Ao, 5") system consists of two complex scalars as well - corresponding to four real nearly degenerate 
scalar states once small SUSY breaking effects are included, which are physical. It is these nearly 
degenerate scalar states that will be relevant for leptogenesis. 

We will be interested in the limit where the physical Higgs multiplet (Ao, 5") is somewhat lighter 
than the gauge supermultiplet, that is, in the limit \/2X C 2^. Precisely how much lighter will be 
quantified later, but we will not need a larger hierarchy in masses, Ma < 0.1 My B or so will suffice. 
With such a mild hierarchy in masses, the dominant decay of the (A, S) Higgs fields will be into 
right-handed neutrino fields. This will enable a new way of generating lepton asymmetry stored in 
N fields. With Ma <C My B , we can integrate out the vector supermultiplet to obtain an effective 
superpotential W e & and an effective Kahler potential K e g involving only the (A , S) fields and the 
MSSM superfields. 



by 



M Ve = 2g B \M\, 



M A = V2|A||M| . 



(2) 
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To obtain the effective Lagrangian of the theory after integrating out the vector superfield, we 
work in the unitary gauge and make supersymmetric transformations on the (A, A) fields, the 
gauge vector multiplet Vb, and all fields $j carrying B — L charge qi to go to a new basis with 
(A', A ) fields and a shifted Vb gauge superfield: 

A = (|M| + 4=A )e 9A;?sA ' , A = (|M| + -LA )e- qA9BA ' +i **' 2 , 
v 2 v 2 

V B = V° B - A' - A /f , $i -> e^ 3sA '$ 4 . (3) 

We have kept the B — L charge of A, A fields as (^a, — Qa) to be more general. 
With these redefinitions, the original Kahler Lagrangian, given by 



4f" L) = / d*9 ( A T e 9A9sVB A + A^e~ qA9BVB A +>J $J e «ffBV B $. ) (4) 
transforms into 

4 B " L) = / [{m? + V2\M\(A + Aj) + AjA } Cosh(g A ^V° ) + £ ^e^ v H^j . (5) 

Observe that the A' field has disappeared in Eq. (5), it has been eaten up by the gauge superfield 
V%. In the process the gauge field becomes massive, all its components acquiring a mass 
My g = q\g 2 \M\ 2 , as can be readily seen by expanding the Cosh function in Eq. (5). 

Now we can integrate out the massive gauge superfiled V^. We obtain the following effective 
Kahler Lagrangian: 

/ \ 2 



J d 4 9 ^A + e 5AffBVB A + A + e _aAMVfl A + ®\e qi9BVB <$>}j 



Aq\\M\ 

Ao + Aj, 



4v/2gi|M| 



.(6) 



where the • • • indicate terms with higher powers of 1/|M|. Eq. (6) describes the interactions of 
the light Ao field with other light MSSM fields through the exchange of the gauge supermultiplet. 
Notice that these interactions are suppressed by 1/|M| 3 . 

With the redefinition of fields given in Eq. (3), the superpotential of Eq. (1) becomes W e ff = 
W MSSM + W(A Q , N) with 

W{A , N) = \Se^ 2 (\M\ V2A + ^A 2 ) + ^(|M| + -^Aq)^. + Y u ai L a N,H u . (7) 

Note that the A' field has disappeared in Eq. (7). Majorana masses for N have been generated 
with = |/i||M|, where \fi\ are the real and diagonal eigenvalues of the matrix fy. It is also 
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clear from Eq. (7) that (Ao, S) fields pair up to form a Dirac fermion with a mass given by 
Ma = \/2|A||M|. Their scalar partners (A , S) are of course degenerate with these fermions, since 
SUSY breaking has not yet been turned on. 

We assume that at least one of the iVj fields is lighter than A . Such situation is quite natural, 
especially when the Ni fields have hierarchical masses. We denote this light Ni field simply as 
N (assuming for simplicity that only one such field is lighter than Ao) with its mass given by 
M N = \fM\. The dominant decays of A scalar will then be A -> N + N, A -> N*N*, and 
A — > NN. There is also a subdominant decay of A into NN*. Here N denotes the right-handed 
neutrino, while N stands for its scalar partner. Supersymmetry will dictate that the decays of 
the fermionic partner of A , denoted as A will be to NN and N*N final states with an identical 
width. The total width for the decays of the scalar A is given by 



T(A -> NN + N*N* + NN* + NN) = ^-M A W1 - 



A? 



64tT~"\/ M A ' v ' 

Since in our scheme, lepton asymmetry is initially created as an asymmetry in N versus N*, we 
are interested in range of model parameters where these decays are essentially out-of-equilibrium 
at temperatures around the mass of A . For Ma ~ (10 6 — 10 8 ) GeV, this requirement implies that 
|/| in Eq. (8) should obey |/| < 2 • (10~ 5 — 10~ 4 ). For such small values of |/|, it is important to 
check if the gauge boson mediated decays of A will have a comparable rate. To check this, we 
have computed the total decay width of A scalars into four MSSM fields. These could be four 
scalars, four fermions, or two scalars plus two fermions, all of the MSSM. The total width is given 
by 

256 x 4(g B /2) 6 ( M\ 



r(A -> = K ,'J . (9) 

V 360 x (2tt) 5 \M®J 

In Eq. (9), stands for any of the scalar or fermion fields of MSSM. The factor 256 arises as 
[Tr(qf )] 2 , while the factor 4 is to account for the various types of final states stated above. We see 
that these decays are suppressed by phase space and inverse power of the Vs mass. If we demand 
that the decays of Ao given in Eq. (8) dominates over the ones in Eq. (9), we arrive at an inequality 
(g B /2)M A /M VB < 1.6I/I 1 / 3 , or using Eq. (2), |A| < 4.5I/I 1 / 3 . If |/| = 10~ 5 , this translates into a 
limit |A| < 0.1. This a rather mild hierarchy, which is quite natural. We will henceforth assume 
that the two body decay of A into NN dominates over the four body decay, which would enable 
us to create lepton asymmetry in N. 

3 Spectrum including SUSY breaking 

In the supersymmetric limit we have seen that four real scalar fields belonging to the (A , S) 
superfileds are degenerate in mass. The corresponding fermions are also degenerate in mass. This 
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degeneracy will be lifted once SUSY breaking interactions are taken into account. One would arrive 
at two quasi-degenerate Majorana fermions and four quasi-degenerate real scalar fields. Their mass 
splittings and coupling to the (N, N) fields are crucial for the estimation of the induced lepton 
asymmetry in N. Here and in the next section we compute these splittings and couplings. 

Soft supersymmetry breaking interactions are introduced in the usual way as in supergravity. 
For the (A, A, S, N) sector the relevant soft breaking terms are given by 

Koft = {A X XS AA - C\XM 2 S + -^A.Y,,Y ; + h.c.} + m 2 $*^ . (10) 

The dimensional parameters {A\, Af, C\} will be taken to have values near the TeV scale. Mass- 
splittings within degenerate multiplets will be induced at order M susy ~ TeV, so we will ignore 
terms of order M s 2 usy and higher. The soft squared mass parameters m 2 in Eq. (10) can then be 
neglected. 

We now minimize the potential including soft SUSY breaking, keeping linear terms in M susy . 
First we obtain the redefined soft breaking terms after the transformation of Eq. (3) is applied to 
Eq. (10). This yields 

Koft = AM 2 (A A -C\)S+A A Ae^S(\/2|M|A + ^^ . 

(11) 

The full potential is given by V — Vf + Vsoft, with Vf obtained from Eq. (7) as 

1 p _i< ^M 2 ~ ~ 1 

V F = \\A \ 2 \V2\M\ + -A \ 2 + \\V2\M\S + \SA, + — 1 ^f ij N l N ] \ 2 + \f ij {\M\ + —A )N ] \\ (12) 

^ 2v2 v2 

where we have neglected terms arising from Y u coupling. 

Minimization of V shows that the field S develops a vacuum expectation value (VEV) of order 

-^susy 

given by 

(S*) = ^=^- 2 • (13) 

The shift in the VEV of the A field is of order M s 2 usy and thus negligible. As a consequence of 
(S) 7^ 0, the mass matrix in the fermion sector spanning (Ao, S) gets modified. We now have this 
matrix given by 



M fermi = e^^ + ^ 



|A| (S) M A \ (14) 
M A 



Here we have denoted the phase of A as <f)\. Eq. (14) leads to two quasi-degenerate Majorana 
fermions with masses given by M^ 12 = Ma ± |A (S) |/2. 
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In the bosonic sector, the squared mass matrix spanning (Re(A ), Re(S'), Im(A ), Im(S')), is 
found to be (to order M susy ) 



M 2 boson = Ml 



( 1 K R + K' R Kj k'j ^ 

K R + K> R 1 ~ K 'l 

-k'j 1 

y kj — n'j o — k' r 



R 



(15) 



with (k r , K!, k' r , k'j) 



V2_ 

\M\ 



Re«S», M(S)), Re(^r— ), Im(- ; 



2A* 



The eigenvalues of the matrix in Eq. (15) are found to be: 



2A* 



(16) 



M 



Ml (1 ± A 12 + A 14 ) , M 2 Xs 4 = M 2 A (1 t A 



12 



A 



(17) 



with the definitions 



A 



\C X + ^4; 



12 



A 



2M A 14 2M A 

Thus A 12 = — M^ 2 )/(2M A ) parametrizes the fractional mass splitting in X\ and X 2 , and 

similarly A 14 in X\ and X4. These two mass splittings will be relevant for leptogenesis calculation. 
We also note the identities A12 = A43 and A14 = A23. There are two other mass splittings which 
can be obtained in terms of A12 and A 14, but those two turn out to be not relevant for leptogenesis. 
The mass eigenstates Xi are related to the original states as 



18) 



Re(A ) 
Im(Ao) 



^=(*i + **) + ^=(*2 + X A ) , Re(5) = 
~^{Xx + X 3 ) + ^(X 2 + X A ) , lm(S) 



V2 



(X 1 -X 3 



V2 



(X 2 — X4 



y/2 



{X, - X 3 



V2 



(X 2 -X 4 )(19) 



Here two mixing angles appear which we denote as (a,fl). We use the notation c a = cos a, s a = 
sin a, etc. These two angles are given by 

1 7T 1 

a = - (tt + arg(C A + A x ) - arg(C A - A\)) , (3 = -+0 M 2+0 A +- (arg(C A + A x ) + arg(C A - A x )) ■ 

(20) 

We shall use these results in the next section where we compute the lepton asymmetry stored in 
TV" arising from the decays of these scalar states. 



4 Cosmological lepton asymmetry 

In our scenario, cosmological lepton asymmetry is generated in the out of equilibrium decays of the 
Xi scalars into N and N*, the scalar partners of the right-handed neutrino. One loop corrections 
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to the decay induces CP asymmetry, leading to an asymmetry in N versus N*. This induced 
asymmetry is converted to usual lepton asymmetry when N and N* decay into leptons and a Higgs 
boson, which subsequently is converted to baryon asymmetry via electroweak sphaleron processes. 

As shown in Sec. 2, the dominant decay of the Xi scalars will be into final states with N scalars 
and N fermions, with a smallish coupling A < 0.1 and |/| ~ 10~ 5 . The tree level decay diagrams are 
shown in Fig. 1. The total decay rate for these decays is given in Eq. (8). The decay of Xi, which 
are real scalars, into final states with opposite lepton number (—2 and +2) (see Fig. 1 (a) and 
(b)) raises the possibility that an asymmetry can be produced in N number. For Ma = 10 6 — 10 8 
GeV and |/| = 10" 5 — 10 -4 , the lepton number violating decays of the Xi fields will be out of 
equilibrium. The efficiency factor in the production of N asymmetry will then be nearly one. 




Figure 1: Tree level decays of Xi scalars into N, N* and N. 

We now proceed to calculate the induced N asymmetry. For this purpose we need to identify 
the interaction of the Xi fields with N. Since the Xi fields are quasi-degenerate, the dominant 
contribution to lepton asymmetry will arise from wave function corrections shown in Fig. 2. These 
corrections have a resonance enhancement, which is lacking in the vertex correction diagrams. 
SUSY provides the quasi-degeneracy of Xi fields, which enables us to realize resonant leptogenesis 
in N . The required CP violation arises in the model from soft SUSY breaking couplings. Thus this 
scenario is also soft leptogenesis, but with four Xi fields involved in the decay. 

From the Lagrangian given in Eqs. (11) and (12), one can read off the cubic scalar interactions 
relevant for the wave function corrections of Fig. 2. The couplings of Xi to N is found to be 

= (NNF mi Xi + h.c.) + \N\ 2 F^ , (21) 
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where we have defined 
/ 



with 



4\/2 
\M N 



(a 1 + a 2 + M A e iuJ , - i{a 1 -a 2 +M A e™), a 1 +a 2 -M A e iui : - z(a 1 -a 2 -M A e^)) ) 



s/2 



C\ — A\ j 
ai = e , a 2 = A f e 



u = (3 - 4> x - 



A/ 2 



(22) 



N 

+,■ 

(a) 



N ✓ 



X i 

--< 



(b) 




Figure 2: Loop diagrams generating CP asymmetry in the decay Xi —>■ N*N*. The blob in (b) 
corresponds to the resummed two point functions shown in (a). 



The N and N* states mix after SUSY breaking. This splitting effect will show up in the loops 
of Fig. 2. To take these effects into account, we go to the mass eigenbasis of these states N + and 
AL which are given by 



N + = —(e ix N + e~ ix N*) 
V2 



V2i 



(e lx N - e~ lx N*) 



(23) 



The phase parameter x in Eq. (23) is defined as x = \ (0/ + arg(^4j + Ca 2 Aa )) . Note that N± are 
real fields with masses given by 



Mj + = \M N \ 2 + \M N \ 



A f + 



C x -A x 



Ml_ = \M N \ 2 -\M N \ 



A f + 



C x -A x 



(24) 



In the N a = (N + , JV_) (a = ±) basis, the cubic scalar interactions can be written as 

y(3) = (NlF ++i + N 2 _F._i + N + N-F + ^i)Xi , (25) 
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where 



1 



2 ,C 



_ 1— P ZIX p. _ _|_ F- TP 
NNi< c NNi \N\i I ' r * 



e- 2ix F mi + e 2ix FU,-F 



NNi \N\ij ' 

(26) 



2ix jp 

V e NNi e ^JVATiJ • 

It is now straightforward to work out the absorptive part of the two point function arising from 
diagrams with iV's in the loops. We find it to be 

1 



ng(p 2 ) 



where 



32vr 
K ab 



3! ' 



1 - 2 



Ml+Ml (Ml -Ml f\ 1/2 



(27) 



When considering Xj-decay, one should set p 2 = M\. . 

We will also need the Yukawa couplings of the X^ fields with the N fermions. It is given by 



Cnny 
with 



NNY F X + h.c. 
fe~ 



4\/2 



1, i, 1, i) . 



The absorptive part arising through the fermionic loop in Fig. 2 is found to be 
1 



ng(^ 



16n 



1-4- 



M 



n 



P 



p 2 (Y F Y F + Y$Y£)ij - 2M 2 N (Y£Y F e- 2i *f + Y^e 2i ^)n 



(2f 



(29) 



With these, we have for example, for the absorptive part of Il 12 , 



n 12 = nf 2 + n 



l/l 2 A, 



12 



1-4- 



M 



N M 2 



M 



2 iK/ A ) 



32vr 4 Ma 

where is defined in Eq. (33). 

We now combine these results to compute e^, the N asymmetry parameter defined as 

T(Xi -> NN) - T(Xi -> iV*iV*) 



(30) 



We find it to be 



^ r(x 4 -> nn) + r(Xi -> iv*iv*) 

2A 12 r/M A i x 2A 14 r/M A i 2 



4A 2 2 + (^P M A 4A? 4 + (^)2 M A 



(31) 



(32) 



where T is a total decay width [i.e. T(Xj — > everything)]. Here we have defined two effective 
A-parameters as follows: 



A, 



A A sin 0i — 2 



.4, 



C x -A x 



{M N jM L 



A f + 



C x -A x 



{M N /M t 



1 - 4(M N /M A )i 



1 - A(M N /M A ) 2 
sin 03 



sin 02 



(33) 
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The phases appearing in Eq. (32) are related to the original phases in the model through the 
relations 

(j _ j\ 

0x = axg(A f ) - arg(C A + A x ) , 2 = arg(A, + ) - arg(C A + A x ) , 

03 = arg(A / + ° X ~ Ax ) - arg(C A - A x ) . (34) 

It should be mentioned that the asymmetry given in Eq. (32) includes fermionic and bosonic 
loop contributions. It turns out that the fermionic loop is entirely canceled by the bosonic loop, 
the left-over piece from the bosonic loop is what is given in Eq. (32). This cancelation is not 
surprising, since the fermion loop corrections do not feel the effects of SUSY breaking. We also 
note that the off-diagonal have one power of M susy /Mx suppression, so the decay vertex has to 
be supersymmetric. This feature simplifies the calculations somewhat. In Eq. (32) we have added 
the asymmetry arising from all four of the X{ scalar fields. 

In principle, the decays of the Higgsinos (Ao, S) into N and N can create an asymmetry in N. 
However, we find that there is not sufficient CP violation in these decays in the minimal model. 

Now we are ready to estimate the lepton asymmetry created by iV-decays at the second stage 
where N decays into a lepton and a Higgs boson. Note that lepton asymmetry between N and 
N* will be completely converted into lepton asymmetry in the MSSM sector. There is however 
one peculiarity related to SUSY. N has two primary decay channels N —>■ LH U and N — > L*H*. 
Since the rates of these processes are the same due to SUSY (at zero temperature), the lepton 
asymmetries created from these decays cancel each other. However, with the cancelation is 
only partial (due to temperature effects which explicitly break SUSY) and one has 

e = e(N -> LH U )A BF , (35) 

with the temperature dependent factor A#f given in Ref. [6]. Now, the baryon asymmetry created 
from the lepton asymmetry due to N decays is: 

— ~ -8.6- 10~ 4 -^r/ = -8.6 • 10" 4 e^ , (36) 
s Abf 

where we have taken into account an effective number of degrees of freedom, including one RHN 
superfield, to be g* = 225. In the last stage of Eq. (36) we have substituted e by - the 
N asymmetry created at the first stage by Xj-decays. rj is an efficiency factor which depends 
on rh ~ m^ 2 ' an< ^ which takes into account temperature effects by integrating the Boltzmann 
equations [6]. For instance, efficiency t] reaches its maximal value, t] w 0.1 for rh ~ 10~ 3 eV. Thus, 
in order to generate the experimentally observed asymmetry (^) cxp = (8.75 ± 0.23) ■ 10 -11 , we 
need to have £ 10~ 6 . Going back to Eq. (32), we see that an enhancement of will happen 
for small values of Ay. The natural values of these parameters are ~ M susy / However, some 
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cancelation can make either of these parameters smaller. Assuming that this happens for A12, with 
the parametrization A i2 = Si2M susy / 'Ma and A\ = 5iM susy we have ~ 25\T/ (SuM^)- On the 
other hand, out of equilibrium decay of Xi states requires r < H = \ H ^fglM\j M^\- Therefore, we 
have < 3.4^51 M A /(S 12 M P {). With the choice and 5 12 « 1/300 and M A ~ 10 8 GeV, we 

obtain — 10~ 6 . This has been achieved by the suppressed value 812, which does not seem to be 
natural. Similar situation occurs in the soft leptogenesis scenario. However, note that within our 
setup we do not need to constrain the value of the Dirac Yukawa coupling Y v very much. The only 
real constraint is that N decays out of equilibrium, which requires T < H. 

We conclude with a few remarks. We have kept corrections linear in M susy /MA in the compu- 
tation of CP asymmetry, and not any higher powers. It is known that if the mass of the decaying 
field is close to the SUSY scale, second order vertex corrections can be important proportional to 
the mass of the MSSM gaugino [16]. In our scheme, these vertex corrections do not exist, since 
the B — L gaugino has decoupled and since N does not couple to MSSM gauginos. A natural 
question to ask is whether the soft SUSY breaking corrections that induce lepton asymmetry can 
also lead to excessive CP violation in electron and neutron dipole moments. With universal soft 
breaking mass parameters there is a potential problem. We note that if the theory is embedded 
in SUSY left-right model, then all the Dirac Yukawa couplings and A-terms are hemitian due to 
parity symmetry. That will make all EDM contributions vanishingly small [17]. On the other hand, 
parity symmetry implies that the Majorana-type couplings (such as Aj and / in our model) are 
complex symmetric, which can serve to induce the lepton asymmetry. 
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